INTRODUCTION {#S0001}
============

About 10% of marriages are childless because of subfertility or infertility and a number of couples are treated for infertility. The couples' infertility depends on the reduced fertility potential of the male or female independently or of both partners collectively. Semen analysis is the main diagnostic tool for evaluating the male fertility potential. The standard semen analysis includes evaluation of the sperm concentration, motility, and their morphology. A reduced number or motility of sperm may lead to diminished male fertility \[[@CIT0001]\].

Semen quality depends on some factors that cannot be modified, like sperm production by the testes. Semen analysis results will be disrupted when an incomplete sample is collected, especially when the first portion of the ejaculate is lost because it is composed mainly of the sperm-enriching fluids of the prostate gland and has a greater impact on semen quality. The presence of granulocytes in semen suggests an ongoing inflammatory process in the reproductive tract \[[@CIT0001]\]. The inflammation process within accessory sex organs and their abnormal fluid secretions may change semen results, mainly progressive motility of spermatozoa. Progressive motility is essential to the efficient passage of spermatozoa through cervical mucus \[[@CIT0002]\].

The process of sperm formation in the testis is recognized as a marker of human reproductive health and semen analysis is used in epidemiological research. It is currently believed that some environmental factors such as xenoestrogens may negatively influence testis function and result in a decrease in sperm production, but also increase the risk of testicular cancer development \[[@CIT0003], [@CIT0004]\]. In 1993, Carlsen et al. published a report suggesting decreased sperm parameters during the last 50 years \[[@CIT0005]\]. In a meta-analysis of 61 semen quality studies, a decline in mean sperm density from 113 x 10^6^/ml in 1940 to 60 x 10^6^/ml in 1990 was observed. Moreover, during this time period they noticed an increase in the percentage from 6% to 18% of men with sperm counts lower than 20 x 10^6^/ml. Many different retrospective studies were concurrently conducted and conflicting results were obtained, some confirming and others rejecting the theory concerning sperm number decline \[[@CIT0006]--[@CIT0010]\]. Lastly, studies carried out with healthy volunteers in the Northern-Baltic area showed differences in sperm number between countries and a high frequency of suboptimal semen parameters among young Danish men \[[@CIT0011], [@CIT0012]\]. There are very sparse data about semen quality among Polish men that was obtained during toxicity studies \[[@CIT0013]\].

However, the most important outcome of semen production is fecundity of men. The question about fertility rates, reasons for fecundity decline, and the role of semen quality is still open and inconsistent results are presented \[[@CIT0014], [@CIT0015]\]. The most important question is whether results from semen analysis may be a certain marker for male fertility.

The World Health Organization has published "The WHO laboratory manual for the examination of human semen and sperm cervical mucus interaction" describing procedures of seminal analysis. In 2010, WHO published the fifth revised edition of this manual \[[@CIT0016], [@CIT0017]\]. The last edition contains many details on laboratory methods, and many efforts have been made to standardize the procedures of semen analysis, including quality control. It also includes a new reference range of semen parameters.

Therefore, we retrospectively studied sperm quality among men attending the infertility clinic due to reproductive problems consistent with the WHO manual from 1999, which were reassessed according to the manual from 2010.

MATERIAL AND METHODS {#S0002}
====================

Semen results from 571 males from couples undergoing fertility investigation in Salve-Medica were analyzed. All subjects included in the study had no abnormalities during examination. The semen samples were collected after 4-days of sexual abstinence in sterile plastic containers by masturbation in the privacy room adjacent to the laboratory.

The samples were maintained at 37°C until assay. The semen analysis was performed just after liquefaction, according to WHO guidelines (1999) \[[@CIT0016], [@CIT0017]\]. The ejaculate volume was estimated in calibrated tubes. pH was assessed by using pH indicator strips (Merck, Germany). For the assessment of sperm motility, 10-microliters of well-mixed semen was placed on a glass slide with a coverslip. The preparation was immediately examined under 400x magnification with a microscope. The sperm were classified as motile type a when showing rapid forward motility (above 25 um/s) or type b when showing slow or sluggish forward motility (WHO 1999 motility classes). The percentage of each type in a count of 200-sperms was assessed in duplicate and the average value was calculated. According to the 2010 manual, sperm motility was classified as progressive (mean a+b) or non-progressive ([Table 1](#T0001){ref-type="table"}). Using the Makler counting chamber (Sefi Medical Instruments, Haifa, Israel), the sperm concentration was estimated in duplicate and the average was calculated. On stained slides, the number of leukocytes was evaluated per number of sperm and thereafter calculated to represent a value in 10^6^/ml. All samples were estimated by the same person (MW).

###### 

Lower reference limit for semen characteristics according to WHO manuals from 1999 and 2010.

  Parameter                             WHO manual 1999                                            WHO manual 2010
  ------------------------------------- ---------------------------------------------------------- ------------------------------------------
  Semen volume (ml)                     2.0                                                        1.5
  Total sperm count(x10^6^/ejaculate)   40                                                         39
  Sperm concentration(x10^6^/ml)        20                                                         15
  Motility (%)                          a -- 25% or a+b -- 50%[\*](#TF0001){ref-type="table-fn"}   PR 32%[\*](#TF0001){ref-type="table-fn"}
  pH                                    ≥7.2                                                       ≥7.2

a+b is the same as PR (progressive motility)

The following semen parameters were evaluated in the present study: the pH, volume of ejaculate, sperm concentration (x10^6^/ml), total sperm number (sperm density x volume), percentage of progressive motility (type a+b), motile sperm concentration (sperm density x percent of progressive motility), and total motile sperm count (motile sperm concentration x volume). Semen samples that fulfilled the criteria from [Table 1](#T0001){ref-type="table"} were included into the normozoospermia group.

Statistica (StatSoft, Kraków, Poland) was used for statistical analysis. Distribution of data was estimated by the Shapiro-Wilk test. Non-normal distribution of data was found and the results were presented as a median value (5-95 percentile) and as a mean (±SD), to facilitate comparison with studies of other authors. Differences were tested by a non-parametric test (U Mann-Whitney).

RESULTS {#S0003}
=======

Men ranged from 18 to 43 years old. In 64 samples (11.2%), a leukocyte count above 1x10^6^/ml was found (range 1.5 -- 6 x 10^6^/ml). Descriptive data of semen parameters in men with high leukocyte count and 507 samples (88.8%) with normal leukocytes count are presented in [Table 2](#T0002){ref-type="table"}. Men with high leukocyte count in semen had significantly lowered semen volume in comparison to the group without leukocytes ([Table 2](#T0002){ref-type="table"}) and they were excluded from further analysis.

###### 

Semen parameters in men with leukocyte count in semen higher than 1 x 10^6^/ml and men with leukocyte count below or equal 1 x 10^6^/ml.

  Parameter                                   Leukocytes \> 1x 10^6^/mln = 64(11.2%)   Leukocytes =1x10^6^/mln = 507(88.8%)   
  ------------------------------------------- ---------------------------------------- -------------------------------------- --------------
  pH                                          Mean ±SD                                 7.4 ±0.5                               7.5 ±0.3
  Median                                      7.4                                      7.4                                    
  5-95 percentile                             7.0-7.9                                  7.2-7.9                                
  Semen volume(ml)                            Mean ±SD                                 3.2 ±1.6                               3.6 ±1.7
  Median                                      2.5[a](#TF0002){ref-type="table-fn"}     3.0                                    
  5-95 percentile                             1.0-6.0                                  1.5-7.0                                
  Sperm concentration(x 106/ml)               Mean ±SD                                 37.2 ±25.9                             37.9 ±32.9
  Median                                      31.0                                     29.0                                   
  5-95 percentile                             6.5-81                                   5.0-100                                
  Total sperm number(x 106/ejaculate)         Mean ±SD                                 114.6 ±86.5                            130.7 ±117.7
  Median                                      106.0                                    94.5                                   
  5-95 percentile                             15-266                                   10-367                                 
  Percentage of forward motility (a+b) (%)    Mean ±SD                                 48.8 ±13.7                             49.6 ±16.1
  Median                                      52.0                                     55.0                                   
  5-95 percentile                             20-65                                    10-65                                  
  Motile sperm concentration (x 106/ml)       Mean ±SD                                 19.6 ±15.4                             20.5 ±19.6
  Median                                      14.7                                     15.2                                   
  5-95 percentile                             1.5-49.2                                 1.0-57.0                               
  Total motile sperm count(x 106/ejaculate)   Mean ±SD                                 60.8 ±52.2                             70.6 ±69.9
  Median                                      49.3                                     48.6                                   
  5-95 percentile                             3.2-146.3                                2.9-213.8                              

p \<0.001 (U Mann-Whitney test)

Normal semen characteristic (normozoospermia) was found in 290 subjects (50.8%) according to the 1999 manual and in 362 men (63.4%) according to 2010 manual. Their semen parameters are presented in [Table 3](#T0003){ref-type="table"}.

###### 

Semen parameters in men with normozoospermia and abnormal semen parameters according to the WHO manual from 1999 and 2010

  Parameter                                      Normozoospermia   Abnormal semen parameters                                                                      
  ---------------------------------------------- ----------------- --------------------------------------- -------------- --------------------------------------- ------------
  pH                                             Mean ±SD          7.5 ±0.2                                7.5 ±0.2       7.4 ±0.3                                7.4 ±0.3
  Median                                         7.4               7.4                                     7.4            7.4                                     
  5-95 percentile                                7.2-7.9           7.0-7.8                                 7.0-7.9        7.1-8.0                                 
  Semen volume (ml)                              Mean ±SD          3.9 ±1.6                                3.9 ±1.7       3.2 ±1.7                                2.9 ±1.4
  Median                                         3.5               3.5                                     3.0            2.5                                     
  5-95 percentile                                2.0-7.0           2.0-7.0                                 1.0-7.0        2.0-5.5                                 
  Sperm concentration (x 10^6^/ml)               Mean ±SD          48.4 ±34.0                              46.3 ±33.5     23.8 ±25.4                              16.8 ±19.1
  Median                                         38.5              37.0                                    15.5           9.5[b](#TF0004){ref-type="table-fn"}    
  5-95 percentile                                16-108            14-106                                  1.5-85.0       0.5-58.0                                
  Total sperm number (x 10^6^/ejaculate)         Mean ±SD          174.3 ±120.8                            165.6 ±118.1   72.3 ±83.5                              43.4 ±54.4
  Median                                         140.0             130 .0                                  40 .0          28.0[b](#TF0004){ref-type="table-fn"}   
  5-95 percentile                                48-400            45.5-390                                2.5-236.5      0.75-164.5                              
  Progressive motility (a+b) (%)                 Mean ±SD          58.7 ±6.1                               55.6 ±8.9      37.4 ±17.3                              34.7 ±19.9
  Median                                         60.0              55.0[a](#TF0003){ref-type="table-fn"}   40             35                                      
  5-95 percentile                                50-70             40-70                                   0.0-60         0.0-60                                  
  Motile sperm concentration (x 10^6^/ml)        Mean ±SD          28.6 ±20.3                              26.2 ±19.8     9.6 ±11.9                               6.0 ±8.8
  Median                                         22.0              20.4[a](#TF0003){ref-type="table-fn"}   5.3            3.2[b](#TF0004){ref-type="table-fn"}    
  5-95 percentile                                8.8-69.0          6.3-65.0                                0.0-34.2       0.0-24.6                                
  Total motile sperm count (x 10^6^/ejaculate)   Mean ±SD          103.0 ±72.7                             93.5 ±70.2     27.3 ±33.4                              13.6 ±15.9
  Median                                         79.9              72.0[a](#TF0003){ref-type="table-fn"}   16.5           9.8[b](#TF0004){ref-type="table-fn"}    
  5-95 percentile                                28.8-240.0        24.0-231.0                              0.0-94.5       0.0-49.4                                

p \<0.001 vs. normozoospermia according to WHO 1999

p \<0.001 vs. abnormal semen parameters according to WHO 1999 (U Mann-Whitney test)

According to the 1999 manual, abnormal semen parameters were found in 217 (38.0%) men; 108 (18.9%) men had lowered sperm concentration (oligozoospermia) and 4 (0.8%) of them had no sperm (azoospermia); 96 (16.8%) had decreased sperm motility (asthenozoospermia) and 13 (2.3%) men had low semen volume (parvisemia). Semen parameters of men with abnormal results are presented in [Table 3](#T0003){ref-type="table"}. According to the 2010 manual, abnormal semen parameters were found in 145 (25.4%) men; oligozoospermia was diagnosed in 107 (18.7%), asthenozoospermia in 33 (5.8%), and parvisemia in 5 (0.9%). The parameters of their semen are presented in [Table 3](#T0003){ref-type="table"}.

Percentage of sperm with progressive motility, motile sperm concentration, and total number of motile sperm were significantly lower in the normozoospermia group according to the 2010 manual in comparison with the normozoospermia group according to the 1999 manual.

DISCUSSION {#S0004}
==========

Among 571 men from couples with decreased reproductive capacity normozoospermia was diagnosed in 50.8% or 63.4% (according the 1999 or 2010 manual, respectively) with median sperm concentration 38.5 x10^6^/ml or 37.0 x10^6^/ml ([Table 3](#T0003){ref-type="table"}), respectively. These numbers are lower than described previously among young men from: Finland -- 54 x 10^6^/ml; Estonia -- 57 x 10^6^/ml; Denmark -- 41 x 10^6^/ml; or Norway -- 41 x 10^6^/ml \[[@CIT0011], [@CIT0012]\]. Moreover, median sperm concentration in studied men was lower than in partners of pregnant women from the Warsaw region (64 x 10^6^/ml) \[[@CIT0013]\]. This may be a result of a selection bias (men from couples without reproductive problems) or it may be connected with an influence from other factors.

An important function of semen result is prognosis, i.e. whether a man and his wife are going to be able to conceive naturally and how long it is likely to take. Many studies evaluating time to pregnancy (TTP) were done among couples that successfully conceived. In the prospective study of first-pregnancy planners, Bonde et al. showed shortening of TTP in subjects with higher sperm density up to the level of 40 x 10^6^/ml \[[@CIT0018]\]. On the contrary, in Norwegian fertile males (partners of pregnant women within TTP \<12) the 5^th^ percentile for sperm concentration was 10.6 x 10^6^/ml and progressive motility was 33.2% \[[@CIT0019]\]. These values are lower than in our normozoospermia groups. They also showed that men from couples with TTP = 1 had a significantly higher total number of motile sperm (median 238 x 10^6^/ejaculate) than other fertile men, and this value is 2-fold higher than in our studied groups. Similarly, Bartoov et al. showed significantly higher total sperm number (201 x 10^6^/ ejaculate) and percentage of forward motility (46.6%) in men, who experienced pregnancy in a time shorter than 12-months in comparison with men who did not obtain pregnancy during a time longer than 5-years \[[@CIT0020]\]. They concluded that assessment of several parameters simultaneously allows for a more precise evaluation of men\'s fertility potential. The values of semen parameters in the group of fertile men presented by Bartoov et al. did not considerably differ from values observed in our normozoospermia group. Other authors have shown that thresholds for sperm concentration depend on statistical methods and vary from 9 to 34 x 10^6^/ml, and for motility from 20 to 52% \[[@CIT0021], [@CIT0022]\]. It was shown that TTP may depend on some other factors. TTP was significantly longer among citizens of Paris than among inhabitants of Copenhagen, Turku, or Edinburgh, but no differences in semen parameters were found \[[@CIT0023]\]. Similar results have been obtained during the study on environmental pollutions \[[@CIT0013]\]. TTP changes did not relate to semen parameters or body levels of pollutions. These observations suggest that TTP does not seem to be an adequate parameter to assess male or female fertility. Currently epidemiologists stress the bio-social determinants of fertility, namely, socio-economic trends that postpone childbearing, fertility-related behavior, persistent stress, and some genetic influences \[[@CIT0015], [@CIT0024]\].

Semen progressive motility is crucial for the efficient passage of spermatozoa through cervical mucus \[[@CIT0002]\]. In the 1999 edition of the WHO manual, spermatozoa with fast and slow progressive movement were distinguished from sperms with non-progressive movement or non-motile. According to the 2010 manual only three classes of sperm movement are distinguished: progressive, non-progressive, and immotile. This division is easier for learning and performing \[[@CIT0001]\]. Additionally, the limit of percentage of sperm with progressive motility (a+b according to the manual from 1999) was lowered.

According to the latest WHO manual, more than half the studied males were diagnosed with normal semen parameters. Does the diagnosis of normozoospermia means that the fertility potential of that male is normal? This would mean that man\'s sperm is able to make his partner pregnant. It was shown that men\'s likelihood of fathering a child might depend on some additional factors like DNA fragmentation index (DFI). Giwercman et al. showed that in normozoospermic men, a DFI higher than 20% resulted in decreased fertility with an odds ratio of five and that DFI may be an independent predictor of natural conception \[[@CIT0025]\]. Other tests describing the functional competence of sperm that are necessary for conceiving have been described by Aitken \[[@CIT0026]\].

Sperm density below 20 x 10^6^/ml was found in 18.7% of the studied men and this value was slightly lower than that observed among Danish candidates for military service (21%) according to Andersen et al. \[[@CIT0012]\]. Men in our group came from infertile/subfertile couples, but this did not result in a selection of subjects with a very low sperm count. This finding supports the thesis that male fecundity is not only related to sperm count.

Francavilla et al. analyzed inter-subject variability of semen parameters in men from infertile couples who had experienced successful intrauterine insemination \[[@CIT0027]\]. They showed that total motile sperm count was negatively affected on the second day of abstinence. Additionally, they noticed that one day of sexual abstinence resulted in the decrease of semen volume, but improved sperm quality in most cases of oligoasthenozoospermia. It supports the thesis that prolonged storage of sperm in the epididymis may lead to sperm damage and was previously described by Johnson and Varner \[[@CIT0028]\]. They showed that in men with a low sperm production rate within testis, the time of sperm transport through the epididymis becomes longer and may lead to excessive "aging" of sperm. This may result in poorer semen parameters in men with oligozoospermia.

In 64 males, an abnormally high number of leukocytes were found, suggesting an ongoing inflammatory process in the reproductive tract. A significantly smaller volume of semen was observed in these men when compared to men without leukocytes and is related to abnormal function of male accessory sex glands \[[@CIT0001]\]. Notably, the diagnosis was established in these men and effective treatment will be initiated.

It seems that routine semen analysis is not sufficient in estimating male fertility potential and some men with normal semen parameters may by subfertile. Moreover, the diagnostic value of the semen result is limited due to its lack of information about the cause of abnormalities and the mechanism of injury to sperm formation or function.
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